Ultrasound promoted mild one-pot multicomponent synthesis of 3,4-dihydropyrano[c]chromenes from 4-hydroxycoumarin, arylaldehydes and malononitrile was achieved in aqueous media. e methodology promises advantages of short reaction times, environmentally benign conditions, high yields, and operational convenience.
Introduction
Dihydropyrano[c]chromene scaffold constitutes an important structural component in several naturally occurring and synthetic molecules displaying broad spectrum of biological activities [1, 2] such as antibacterial [3] , antineoplastic activity [4] , antimicrobial activity [5] , and anti-HIV activity [6] . eir biological efficacy is further demonstrated from their applications as cognitive enhancers for the treatment of neurodegenerative Alzheimer's disease [7] . Consequently, numerous elegant synthetic methodologies have been developed for the synthesis of these heterocycles in recent times. Shaker has reported the synthesis of dihydropyrano [c] chromenes in the presence of organic bases like piperidine/pyridine in ethanol [8] , Kidwai documented that microwave irradiation promoted the potassium carbonate catalyzed synthesis [9] of the pyranochromenes while Abdolmohammadi and Saxena et al. have reported diammonium hydrogen phosphate catalyzed synthesis in aqueous ethanol [10] . Shaabani et al. and Shaterian and Oveisi have presented their synthesis in ionic liquids 1,1,3,3-N,N,N ,Ntetramethylguanidinium tri�uoroacetate (�MG�) and 3-Hydroxypropanaminium Acetate (HPAA), respectively, [11, 12] .
Green chemistry in recent times has gained immense attention and played a signi�cant role in revolutionizing synthetic organic chemistry to minimize the usage of organic solvents and their disposal thereby developing environmentfriendly organic synthesis [13] . In this context, water has been explored in several synthetic methodologies as an efficient solvent which successfully displaced the usage of harmful organic solvents thereby reducing the generation of hazardous wastes [14] . On the other hand, ultrasound promoted reactions paved way for the modi�cation and improvement of several existing synthetic methodologies by enhancing their reaction rates [15, 16] thus appending considerable value addition to the green chemistry procedures. e cavitation energy produced during the process of ultrasonication paves way for alternative pathways due to the formation of high energy intermediates thereby modifying and improving the reaction rates [17] .
Results and Discussion
Earlier, we have reported ultrasound promoted asymmetric Mannich reaction and chromeno-quinolines synthesis [18, 19] . In continuation of our efforts to develop green chemistry protocols and foreseeing the importance of 3,4-dihydropyrano[c]chromenes synthesis, we have developed a mild and efficient procedure for their synthesis under ultrasound conditions using sodium acetate as a catalyst in aqueous conditions at room temperature (Scheme 1).
In order to optimize the reaction conditions, the synthesis of 2-amino-5-oxo-4-phenyl-4,5-dihydropyrano[3,2-c]chromene-3-carbonitrile (4a) from the condensation of 4-hydroxycoumarin, benzaldehyde, and malononitrile was studied in the presence of a variety of catalysts and solvents under ultrasound conditions. As shown in Table 1 , ultrasonication promotes the formation of products with varying yields and reaction rates under different catalytic systems. First, a trial reaction was performed in water with 30 mol% of trisodium citrate (Na 3 C 6 H 5 O 7 ) as a promoter (Table 1 , entry 1). It was observed that aer 10 minutes of the ultrasound irradiation the required product was obtained in 57% yield. Among various other catalysts screened ammonium acetate, L-proline, Na�on-H, and Amberlyst afforded poorto-moderate yields (30-70%), while sodium acetate (NaOAc) gave 92% yield of the desired product (Table 1 ,entry 2-6) in just 10 minutes. To validate the choice of solvent, various solvents were screened to chec� their in�uence on the rates and yields of the reaction (Table 1 , entries 7-10). Solvents such as PEG, DMSO, and DMF afforded poor-to-moderate yields (28-50%), while better yields of the products were observed when the reaction was conducted in ethanol (70%). Further to authenticate the effect of ultrasound conditions, a reaction was conducted in absence of ultrasound which resulted in only 30% of desired product aer stirring for 3 hours (Table 1, Entry 11) . Surprisingly, ultrasonication alone in absence of catalyst was able to promote the reaction affording the product in 35% yield aer of 30 minutes (Table  1 , Entry 12). e best yield was obtained when the reaction was performed with sodium acetate as a catalyst in water under ultrasonication conditions.
With the above optimized reaction conditions, a series of 3,4-dihyropyrano[c]chromene derivatives 4a-4p were synthesized ( Table 2 ). As shown in Table 2 , when halogen substituted aromatic aldehydes such as 2-chloro, 3-chloro, 2,4-dichloro, 2,3-dichloro, 4-chloro, 4-bromo, and 4-�uoro substrates were employed under the reaction conditions excellent yields (82-94%) of the corresponding products 4b-4h were obtained ( Table 2 , entries 2-8). Aromatic aldehydes possessing electron donating substituents such as 2-methyl, 4-methyl, 4-methoxy, 3,4-dimethoxy, and 2,5-dimethoxy have afforded the pyranochromenes 4i-4m in 76-92% yields ( Table 2 , entries 9-13). Similarly, electron withdrawing aromatic aldehydes possessing 3-nitro and 4-nitro groups also afforded the pyranochromene derivatives 4n-4o in 85% and 94% yields, respectively, ( evident that the ultrasound promoted protocol has successfully accommodated wide range of aromatic aldehydes possessing broad array of functional groups and substitution patterns.
To further explore the efficacy of ultrasound methodology on the present methodology a scale-up experiment was conducted on 5g batch for the synthesis of 4a. Gratifyingly, we observed that the ultrasound methodology provides 88% of 4a (Table 2 , entry 17) as a pure precipitate with a slight compromise in time (20 minutes).
Conclusion
In conclusion, we have developed a simple, efficient, and green protocol for the synthesis of 3,4-dihydropyrano[c]chromenes in high yields promoted by ultrasound conditions in aqueous medium. e results also suggest that the present methodology can be effectively applied for the synthesis of the products in grams scale. Finally, the operationally simple protocol did not require any column puri�cations as the products were isolated as pure precipitates from the reaction mixture.
Experimental
All reagents were purchased from Merck and Avra synthesis Pvt. Ltd. and used without further puri�cation. All yields refer to the precipitated products. All the products were characterized by 1 H NMR, 13 C NMR, IR, and EI-Mass analysis and were found to be in good agreement with those reported in the literature. e 1 H NMR (500 MHz) and 13 C NMR (125 MHz) were recorded on a Bruker Avance DPX 500 MHz instrument at room temperature in DMSO using TMS as an internal reference. IR spectra were recorded on a Bruker alpha-T spectrophotometer. Melting points were determined by NETZSCH DSC 200 instrument. Sonication was performed in Leelasonic ultrasonic reactor with a frequency of 40 KHz and a nominal power of 250 W.
4.1.
General 
